Concrete properties can be improved using Fine Blast Furnace Slag (BFS). The latter was used to replace cement in concrete at 10%, 15%, 20%, 25%, and 30% proportions and properties of both fresh and hardened concrete improved. Best workability (evaluated by slump and Table tests ) was recorded at 30% of BFS addition. VEBE-time, an indication of workability of concrete, decreased to its lowest value (about 4 seconds at 30% BFS) and compaction factor attained its maximum value of 99% at BFS 25%. For density and unit weight, 30% of fine BFS in concrete mix resulted in maximum density of 2180 kg/m 3 for fresh concrete, and 2430 kg/m 3 for hardened concrete. Unit weight of concrete achieved a maximum of 23.9 kN/m 3 at 30% BFS has achieved specified strength at 1 st week and 28 days, also the late strength is high at 56 and 84 days. Bond and flexure loads come high of BFS use. The data of compressive, bond, and flexural strengths are highly related. Results of research are useful and may be applied using fine BFS to improve the properties of concrete materials.
Introduction
The use of fine blast furnace slag (BFS) is widely applicable to increase the strength of concrete, especially the late age strength. However, there is an optimum point for the BFS added. Above that point, increasing BFS amount will not remarkably increase concrete strength. The use of BFS is useful in improving the durability, and reducing porosity (through the increasing of the interface be-tween aggregate grains). The analysis of the blending process between the new admixture (BFS) and the basic binder (Portland cement) requires finding the optimum point of mixing that indicates when to stop the addition of the furnace slag admixture. Other admixtures (such as silica fume, fly ash, slag, natural pozzolana) may be required at quantities different from that of the furnace slag [1] .
The addition of furnace slag to the concrete mix as a replacement to the blended cement is an advanced method in improving the strength of concrete and enhancing its behavior. Many of the parameters of the concrete mix will improve and practically are changed effectively especially the water to cement ratio, slag-cement replacement ratio, and the development of concrete parameters through the curing of concrete. However, the use of high percentages of ground furnace slag may adversely affect the concrete early strength (such as 1-day strength) when furnace slag is mixed at 50%. Consequently, a higher ratio of mixed furnace slag (60% and higher) will incorporate low compressive strength beyond 180-day age of concrete compared to the control samples of concrete made using Portland cement [2] .
Economically and ecologically, the use of furnace slag in concrete mixes is important to reduce the cumulative and increasing piles of the by-product materials of slag [3] . Also, it is economically effective to use a cheap by-product material in replacement of an expensive material such as cement in the concrete mix. It is energy saving to use a recycled harmful material to the environment and the high cost for the traditional damping actions and conditions, and it is a good method to improve conservative concrete parameters and strengths [4] .
It is important to define the optimum ratio for mixing the furnace slag with the Portland cement, and when it will be possible to continue on increasing increments and high ratios of the supplementary materials for the cement in the concrete mix. To do that, it's required to build a model for the cement hydration and the supplementary reaction in the concrete mix [5] . Also, it's required to study how the workability parameters as mixing and replacement in fresh concrete are affected by the slag ratio added. Performance of the hardened concrete properties represented by its density and unit weight, compressive strength (at early and later ages) must also be evaluated [6] . So, it may be useful to build a mathematical model connecting concrete parameters (density, unit weight, and compressive strength) as functions on the ratio of supplementary material (furnace slag and cement) and these parameters can be predicted in the proposed system. Furnace slag will be incorporated into the concrete to make changes in hydration chemistry by first chemical reaction of amorphous phase of slag, and second the influence of furnace slag on the hydration of cement. This is strongly due to the amount of capillary water and dilution. The temperature of curing and the percentage of mixing slag are other important factors in the hydration of cement and the reaction between furnace slag and cement in the concrete mix.
In addition to the water/cement ratio in the mix and the age of concrete they affect the hydration level and so the concrete compressive strength [7] [8] . were casted at percentages of furnace slag at 0%, 20%, 30%, and 40%. The samples were tested for the concrete compressive strength at different ages including 7-day, 28-day, and 60-day. The study shows that the compressive strength is reduced for high percentages of furnace slag, and is reduced also for longer ages of curing of concrete [9] .
The current research aims to introduce the use of blast furnace slag as a replacing agent of classical Portland cement in Jordan. One reason is to get high quality (fresh and hardened) concretes. The slag is used for this purpose because it has binding properties (similar to those of hydraulic cements) and its wide availability. In addition to that, increasing use of this recycled by-product in construction in various structures (through the replacement of cement by the furnace slag) will benefit the society by minimizing pollution and lowering the cost of concrete mixes (as slag is much cheaper than classical cement).
Experimental Work and Preparation
All the materials necessary for preparing concrete mixes including: fine sand, medium aggregate, coarse aggregate, cement and ground blast furnace slag were prepared to produce mixes 20 MPa compressive strengths. The concrete mix was prepared at the percentages 0%, 10%, 15%, 20%, 25%, 30%, and 35% of cement as furnace slag. All the concrete mixes were tested at fresh stage for compaction factor [10] , slump value [11] , workability by flow table [12] , and VEBE Time [13] . Also, specimens of concrete 15 cm cubes were prepared [14] at each percentage of furnace slag and all specimens were weighed to calculate density [15] and unit weight of concrete [16] , and compressive strength [17] .
ASTM C138/C138M-17a [18] , Standard Test Method for Density (Unit Weight),
Yield, and Air Content (Gravimetric) of Concrete, compressive strength [19] and bond stress were tested also at 7-day, 14-day, and 28-day. Also a flexural stress evaluated at the same ages of concrete using prism beams of (50 cm × 10 Open Journal of Civil Engineering cm × 10 cm) according to the method of testing.
Results and Discussions
The results of current research on fresh and hardened concrete are shown below. Figure 1 shows how the workability of BFS concrete mixes changes with increasing the slag ratio. The workability of 0-slag is high (about 26 cm). With increasing the slag %, the workability decreases and reaches a minimum value at 25% slag, then increases again to reach a maximum corresponding to 30% slag addition. It is not known why only after 25% slag addition workability starts to increase. It is not known also whether the undulatory shape of the relationship shown in Figure 1 between slag content and workability will continue or not, if the slag content increased gradually to reach 100%. Figure 2 shows the slump value (in cm) for concrete using furnace slag. The H. Al-Baijat, M. Sarireh Open Journal of Civil Engineering 0-slag concrete has 7-cm slump, and it is clear that the addition of slag increases the value of slump up to 6 cm. Also, it is obvious by taking slopes for the relation that 21% of slag is optimum for the slump. Figure 3 shows the compaction factor for concrete using furnace slag. It is obvious from Figure 3 that 25% of slag added to the concrete mix gives 98%
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compaction factor. Figure 4 shows that VEBE time decreases with the increasing the percentage of slag as the workability increase, that agrees with the relations of workability and slump with the addition of slag to the mix.
Density of Concrete
The density of fresh concrete is an important property in calculating the weight and load of concrete on forms and bridges. So, in current study the compacted and non compacted densities of concrete were measured and calculated. Compaction factor was also calculated by dividing the non compacted density by the compacted density. Figure 5 presents the non compacted and compacted densities of concrete and their variation due to the use of BFS in concrete mix. Obviously, compacted concrete has higher values of density. But, the increase of density in non compacted concrete is opponent to the decrease in density of compacted concrete. This is due to the density of BFS compared to the density of compacted and non compacted densities of concrete.
The Properties of Hardened Concrete
The hardened properties of concrete including its density, unit weight, and compressive strength were used to study the effect of the use of BFS on concrete mixes. Figure 6 presents how the density of hard concrete changes with both BFS% and time. The density of hard concrete increases with increasing of BFS percentage, and of all slag ages the 30% of BFS gives the highest value for hardened density. Figure 7 presents the unit weight of hardened concrete with the use of BFS on time. Also, 30% of BFS gets the higher value of unit weight of 23.85 kN/m 3 because of the addition of BFS. Figure 8 presents the compressive strength of concrete using BFS. And the 30% of BFS increases the strength on all stages especially at 77 days the last stage of testing concrete compressive strength that gets 34 kN/m 3 . Figure 9 presents the bond load of concrete using the BFS. The maximum load bond is achieved at 77 days of 85 kN. Figure 10 presents flexural strength of concrete using BFS. The load of flexure of 24 kN at 77 days is the highest using 30% of BFS. Figure 11 presents the relation between compressive strength and bond load of BFS concrete. It seems that the relation is high between these variables and the value of compressive strength can explain the bond load depending on the relation for all percentages. 
Discussion and Conclusions
The use of BFS has many of the benefits for the concrete mix and its properties.
Can BFS in the mix be increased to more than 30%? This will be studied in a later stage of the present research. Harmful effects of the use of BFS were not Open Journal of Civil Engineering Figure 9 . Bond load of concrete mix using BFS. By conducting the current research, the following points are concluded: • The use of 30% BFS mix can maintain the workability of concrete mix by flow table of 28 cm.
• Slump value using BFS of 30% can be fixed at 6 cm.
• Compaction factor of 98.5% is relevant to 25% BFS, and this is close to that of 0-BFS concrete mix (with compaction factor of 99%).
• VEBE-time is decreased by using the BFS (about 4 seconds at 30% of BFS in the concrete mix). So, the concrete mix becomes more workable by the addition of BFS.
• The compacted density of concrete mix using BFS at 30% is 2180 kg/m . So, the use of BFS will increase the unit weight of concrete.
• The compressive strength increased from 15 MPa at 1 st week to 28 MPa at 28 days to 34 MPa at 84 days using the BFS in concrete mix.
• Bond load increased from 38 kN at 1 st week to 88 kN at 84 days (especially for the 30% BFS in concrete mix).
• Flexural load increased from 6 kN at 1 st week to 24 kN at 84 days (especially for 30% BFS concrete mix).
• Bond load and flexural strength can be derived from compressive strength data. The bond and flexure loads are highly related to the compressive strength of concrete and slag content.
Current research is a trial for the improvement of the properties of fresh mixes (during mixing, handling, and pouring) and hardened concrete (as the strength parameters will develop). Current research concentrated on compressive strength of concrete cubes. It is highly recommended to repeat the work including other
